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MEASUREMENTS OF THE LONGTTUDINAL STABILITY AND CONTROL AND STAILING
CHARACTERISTICS OF A NORTH AMERICAN P-51H ATIRPLANE
(AAF NO. L4-64164)

By Christopher C. Kraft, Jr., and J. P. Reeder
- SUMMARY -

Flight tests have been made to determine the longitudinal stability
and control and stalling characteristics of a North American P-51H air—
plane. The results indicate that the airplane has satisfactory longitudi-—
nal stability in all the flight conditions tested at normal loadings up
to 25,000 feet altitude. At Mech numbers above 0.7, the elevator push
force required for longitudinal trim decreased somewhat because of com—
pressibility effects. The elevator stick force per- g in accelerated
turns at the forward center—of—gravity position of 24 percent mean aero—
dynamic chord above 250 miles per hour was in excess of the required
limits at both 5,000 and 25,000 feet zaltitude. The longitudinal—trim—
force changes due to flaps and power were small, but the rudder—trim-—
force change with power change was high. The stalling characteristics
in all the conditions tested were satisfactory.

_ INTRODUCTTON

At the request of the Air Materiel Command, U. S. Air Force, flight
tests have been made to determine the flying qualities of a P-51H airplane
(AAF No. 4-—-64164). The results of the tests to determine the longitudinal
stability and control and stalling characteristics are presented herein.
Date on the lateral and directional stability and control have been
presented in reference 1. ‘

DESCRIPTION OF AIRPLANZ AND TESTS

The P-51H is a low-wing fighter airplane equipped with a
Merlin V-1650-9 engine. The configuration used in meking the
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2 CONTERNintine NACA RM No. SL8B2h

longitudinal—stability tests was the final production alrplane which
incorporated a 7—inch fin extension, a short—-span rudder with the travel

limited to ¥25°, and a %—inch—chord extension strip added to the entire

elevator trailing edge with the exception of the elevator tabs. Some
initial tests were conducted without the slevator trailing-edge extension
and with the original-vertical—tail configuration. The original vertical
tall did not have the T—inch fin extension nor the short—span rudder,

and the rudder travel was £30° (reference 1). A three-view drawing of
the airplane is shown in figure 1 and photographs of the test airplane are
shown in figures 2 to 5. Other pertinent dimensions of the airplane are
presented in table I.

The airplsne was tested with three differsnt center—of—gravity
positions; namely, 24, 26, and 30 percent of the mean aerodynamic chord.
All of the center—of-gravity positions given in this paper are with the
landing gear down. During all the tests, fuel was used from the wing
tanks only. At the two aft center—of—gravity positions, the fuselage
tanks were filled and used as ballast. The rearward center—of—gravity
position was obtained by adding 125 pounds of lead to the tail compart—
ment of the airplane. This center—of—gravity position was aft of any
normal loading of the airplane but was used to determine the stebility
of the airplene more accurately. The normal center-of—gravity limits
were approximately .20 to 28 percent of the mean aerodynamic chord. The
airplane weight varied from 7500 pounds to 9800 pounds during the tests.

The physical cheracteristics of the airplane are shown in figures 6
to 10. The veriations of the rudder deflection with rudder—pedal positiam
and the elevator and aileron deflection with stick position are shown in
figures 6 to 8. The friction in these various control systems is shown
in figure 9. The friction in all of the controls was small and well
within the required limits specified in reference 2., The stretch in
each of the controls was measured and is presented in figure 10. These
data showed the stretch in the aileron control system to be 2.5° per
20 pounds of stick force, the stretch in the elevator control system to
be 1.2° per 20 pounds of control force, and the stretch in the rudder con-
trol system to be 7.5° per 100 pounds of rudder—pedal force.

The airplane was tested in the following flight configurations at
approximately 5000 feet altitude:

Condition Power Flaps | Gear | Canopy
Power—on clean 46 inches Hg at 2700 rpm Up Up Closed
Power—off clean Engine idling Up Up Closed
Landing Engine idling Down | Down Open
Approach 23 inches Hg at 2700 rpm Down | Down Open
Wave—of f 46 inches Hg at 2700 rpm Down | Down Open
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Tests were also run at high altitude, approximately 25,000 feet,
in the power—on clean and power—off clean conditions.

Al of the tests made were performed by the steady—record method
with the exception of the stall—epproach data. In the steady-record
method, records are teken at different speeds or accelerations, as the
cagse may be, when the airplane is in a steady condition; whereas in the
continuous—record method, records are taken continuously as the speed is
varied slowly over a certain speed range. The continuous records are
indicated by flagged symbols in this paper.

- INSTRUMENTATION

Standard NACA photographically recording instruments were used to
measure the data presented in this paper along with the pilot's readings
of altitude, fres—air temperature, and fuel-gage readings in the cockpit.
A more complete description of the instrumentation used is presented in
reference 1.

DISCUSSION AND RESULTS

The following discussion of the results obtained from these tests
is based on the flying-qualities requirements of reference 2.

Longitudinal Stability and Control

Dynamic longitudinal stability.— The dynamic longitudinal stability
of the airplane was tested by trimming the airplane at a given speed and
in a particular configuration and abruptly deflecting and releasing the
elevator. Typical time histories of this maneuver are presented in
figures 11 to 14. The airplene was tested in all theflight configuratiocns
end it was found that the oscillation produced by this maneuver was com—
pletely damped in 1 cycle or less and that there was no oscillation of the
elevator itself following its deflection. The airplane met the require—
ments of reference 2 for this particular test. No unstable oscillations
were experienced during any of the tests performed, which were limited to
Mach numbers below 0.6.

In flight~testing the first models of the P-51H airplane at
Vright Field, several airplanes experienced violent longitudinal
oscillations, termed "porpoising,” at Mach numbfrs above approximately 0.6
when the elevator was abruptly dei'lected. The x-inch trailing—edge strips
.on the elevator were added to cure this deficiency. No short-period—
oscillation tests were made by the NACA in the Mach number range in which
porpoising was encountered because of the danger of this maneuver. No
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porpoising was experienced, however, in normal flight and dives up to a ;
Mach number of 0.75 with the modified airplane. ‘

Static longitudinal stability.— The static—longitudinal-gtability
data measured in the various configurations are shown in figures 15 to 21.
These data were obtained by trimming the airplane at a given speed for
zero control forces and flying the airplane through the speed range from
the maximum speed obtainable in the various configurations to the stalling
speed. The requirements state that the curves of elevator force and
elevator position against airspeed shall have a stable slope at all normal
center—of—gravity positions; that is, the stick—fixed and stick—free ;
neutrel points shall be aft of the most rearward center-of—gravity positim :
of the airplane. !

The stick—free and stick—fixed neutral points were obtained by the ‘
method illustrated in figure 22. The elevator force divided by impact ’
pressure Fe/q and elevator deflection 8 were plotted against airplane

normal-force coefficient Cy. The slopes of these curves EEQ[S and d8g

ac dc
N N ‘
were then plotted against center-of—gravity position. The center—of—gravity
dr ad
positions at which —E%Lg and Eaﬁ are zero are the stick—free-and stick— {
N N

fixed neutral points, respectively. In cases in which the longitudinal
stability was large, the actual values of the neutral points obtained

cannot be considered accurate because they were so far aft, of the center—of—
gravity range tested. They do show, however, the large degree of stability
that the airplane has.

(1) Power—on clean condition: The data shown in figures 15 and 16
indicate the airplane to be stable both stick free and stick fixed, the
neutral points being aft of the most rearward center—of gravity position.
The push forces encountered at high speeds with a trim speed of 185 miles
per hour were practically the limit of the pilot's strength, but had the
airplane been trimmed at a higher speed, the forces experienced at high
speed would not have been as high. The effect of altitude on the longitud—
inal stability was negligible. However, at high speeds and high altitudes
where higher Mach numbers were obtained, compressibility effects caused
a tendency for the push force to decrease. {See fig. 16.)

(2) Power—off clean condition (figs. 17 and 18): The airplane was
stable both stick fixed and stick free in this condition at the two forward
center—of-gravity positlons and met the requirements of reference 2. How-
ever, at the rearward center—of—gravity position tested, a slightly unstable
elevator—angle variation was noted at high speed.

(3) Wave—off, approach, and landing conditions (figs. 19 to 21):
The requirements of reference 1 were met in each of these three conditions.
The curves of elevator force and engle against speed had a stable slope,
the stick—ree and stick—fixed neutral points belng aft of the rearward
center—of—gravity position tested.

EONSERENRIGR >
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Longitudinal control.— (1) Longitudinal control in accelerated flight:
The longitudinal control in accelerated flight was measured by meking
accelerated turns both to the left and right at a constant airspeed and
acceleration. The tests were made at the three center—of-gravity positions
at speeds varying from 200 to 350 miles per hour at approximately 5,000 and
25,000 feet altitude, Time histories of short records taken in typical
accelerated turns are shown in figure 23, The change in elevator force

and angle obhtained from thege teagts was plotted as a function of nhnngn

By WM VLLLIIVW L4 Wik VMU OY UV Uo PRUUUDL QAo G L waalb vl it

in normal acceleration so that the force and angle per g could be determined.
The elevator angle was also plotted as a function of airplane normal—force
coefficient in order to obtain the stick—fixed maneuver points. The stick—
free and stick—fixed maneuver points were determined by measuring the
average values of the slopes dF,/dg and d%¢/dCy and plotting these

values as & function of {the center—of-gravity position., The center-of—
grevity positions at which these slopes became zero were the stick—free
and stick—fixed neutral points, respectively. These data are given in

figures 24 to 33. A graph of the center—of-gravity range as a function
of eltitude in which desirable values of stick force per g are obtalned
at 300 miles per hour is shown in figure 3k.

The force per g with the center—of—gravity position at or forward
of 27 percent of the mean aerodynamic chord above 250 miles per hour was
in excess of the required limit of 8 pounds per g specified in the require—
ments of reference 2. Increasing the altitude from 5,000 to 25,000 feet :
slightly decreased these forces. At the two lower speeds tested, 200 and
250 miles per hour, the force—per-g characteristics were within the required
3 to 8 pounds per g limits specified in the requirements. The effect of |
altitude at these two speeds was to decrease the force per g approximatsely
1l to 2 pounds. The elevator angle required to produce the acceleration
was always In the right direction and of a desirable magnitude at all the
center—of —gravity positions, speeds, and altitudes tested and the elevator
was always powerful enough to produce the maximum 1ift coefficient.

In general, the force—per—g characteristics of the alrplane were
acceptabls. The variation of elevator force and angle was linear in all
the conditions tested, but as was mentioned in the precedling paragraph,
the forces experienced at the higher speeds were slightly greater than
the required limits. The most forward stick-free maneuver point obteained
wvas at 35 percent of the mean aerodynamic chord at 300 miles per hour and
the higher test altitude.” The most forward stick—fixed maneuver point was
found to be at approximately 24.h percent of the mean aerodynamic chord
at 350 mlles per hour at high eltitude, approximately 20,000 feet. The
stebility was greater, however, at all the lower speeds tested where the
maneuver point is at epproximately 27 percent of ithe mean aerodynamic
chord at this altitude.

(2) Longitudinal control in landing end take—off: The airplane met
the requirements of reference 1 in both landing and take—off. With the

3
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center—of—gravity position in the most forward position it was possible
to hold the airplane off the ground at approximately 100 miles per hour
with the alrplane trimmed at 120 miles per hour. The elevator force
required in this procedure did not exceed the 35—pound limit. It was
also possible during take—off to maintain any attitude up to thrust

axis level at approximately 50 miles per hour. These two results were
determined from pilot's observations. The pilot considered the landing
and teke—off characteristics of the airplane acceptable, except that

with engine idling the glide path was steep in the landing condition and
the rate of descent very high. '

(3) Trimming characteristics: It was possible to trim the airplane
by use of the elevator tabs in all the conditions required according to
reference 2. The longitudinal trim changes with power, flaps, and gear
change are shown in table II. The elevator and aileron—trim-force changes
were no more than 7 pounds, but the pilot obJected to the nose—up trim
change due to flap deflection. The rudder-trim-force change was high
with change in power. The rudder-trim—force change with change in power,
power—off to normel rated powsr, with the airplane trimmed at 135 miles
per hour was approximstely 93 pounds.

(4) Pitching moment due to sideslip: The pitching moment due to
sideslip in this airplane was not excessive and was considered satisfac—
tory. The variation of elevator force with sideslip angle in the power—
on clean and power—off clean condition is shown in figure 35 for both
the original and production configurations. The variation of elevator
angle with sideslip angle is not shown since complete data were not obtained
for all the conditions., The elevator-angle variation with sideslip was
found to be small and essentially the same, however, with both tail
configurations. The differences 1n the two tails were not of a type
which would be expected to affect the elevator-angle variation with side—
slip,

From the date presented in figure 35, it can be seen that the
variation of elevator force with sideslip at 300 miles per hour was
different for the two configurations. The original tail showed very
little force veariation with sideslip over the range of sideslip angles
measured; whereas the production tail required pull forces as the side-—
8lip was increased to the left or right. While this force variation was
not considered obJjectionable on the P-S1H airplane, this amount of force
varlation has been considered undesirable on airplanes with a smaller
amount of longitudinal stability because it resulted in appreciable
chenges in normal acceleration when the rudder was deflected. The
increased force varlation with the trailing-edge extension on the
elevator probably results from the more negative values of Ch and Ch8

a
of the modified elevator. It was not thought previously, however, that
this type of modification would have a pronounced effect on the elevator—
force variation with sideslip.

CONPTDENR,
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Similar effects, though smaller in magnitude, are shown at
150 miles per hour in the power—on clean condition. There 1s very
little difference between the two tails in the power-off clean condition
at 150 miles psr hour.

Stalling Characteristics

In the power—on clean condition (figs. 36 and 37) stall warning
was afforded by buffeting approximately 5 miles per hour above the stall
accompanied by mild pitching and rolling in either direction. A pitching
and rolling oscillation developed near the stall, the airplane finally
rolling slowly off. The lateral oscillation which occurred at the stall
could be controlled with moderate difficulty. The stalling characteristics
were considered statisfactory.

Stall warning was supplied by buffeting about 5 miles per hour above
the stall in the power—off clean condition (figs. 38 and 39) which incressed
as the stall was approached. At the stall, mild pitching and roll to the
right occurred after which the airplane either spiraled off or developed . !
a mild pitching and rolling oscillation. The airplane could be easily
controlled both laterally and directionally beyond the stall by normal
use of the controls even to full-up elevator, and recovery from the stall
was normal and prompt. The stalling characteristics were considered very
satisfactory. . *

The stell in the wave—off condition (figs. 40 and 41) was preceded
by mild buffeting about 5 miles per hour above the stall. During the
stall approach the airplane became extremely left wing heavy and required
considerable right rudder. At the stall a rather abrupt left roll occurred
which checked itself at about 30° bank as the nose dropped. The airplane
could not be satisfactorily controlled laterally during the stall. At the
aft center—of—gravity position with the airplane trimmed at 135 miles per
hour the stick force reversed and became slightly negative about T miles
per hour above the stall. The stalling characteristics were considered
acceptable.

In the approach condition (fig. 42) mild buffeting preceded the stall
by ebout 5 miles per hour. Before the stall there was noticeable left °
wing heaviness end after the stall was reached the airplane rolled moder—
ately to the left to about 30° bank, checked itself and rolled again. The
airplane could be controlled laterally by the ailerons but there was a
delay between application of control and recovery response. The stalling
characteristics were satisfactory.

In the landing condition (figs. 43 and L4h4) stall warning was afforded
by buffeting ebout 2 or 3 miles per hour above the stall. At the stall
the nose of the airplane dropped with a mild right roll which resulted in
pitching the airplane out of the stall. After this recovery the airplane
gometimes spiraled but more often oscillated in roll and pitch, the pitching
oscillations increasing, resulting in subsequent stalls being made under

SN Nl
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increasing acceleration. Recovery from the stall was normal. The airplane
could be controlled both laterally and directionelly beyond the stall with

a little difficulty, even with full—up elevator. If the stall was prolonged,
the airplane would roll off sharply. The stalling characteristics were
satisfactory.

The stall in accelerated turns (fig. 45) was preceded by ample
buffet warning and, if the stick was continued back, the buffeting became
very heavy. The stall was accompanied by a slight lateral instability
which could be easily controlled. At the aft center—of-gravity position
tested, there was a noticeabls control force lightening in both left and
right turns. The stalling characteristics were satisfactory.

CONCLUSIONS

1. The short—period longitudinal osclllations of the airplane were
stable in all the conditions and speeds tested. The longitudinal oscil—
lations always damped in 1 cycle or less and there was no oscillation
of the elevator itself. No short—period—oscillation tests were made at
Mach numbers ebove 0.6. however.

2. The airplane Had satisfactory stick—free and stick-—fixed static
longitudinal stebility in all the conditions tested and met the handling—
quaelities requirements at altitudes up to approximately 25,000 feet.
Compressibility effects indicated by decreased push forces were apparent
at high Mach numbers in the power—on clean condition.

3. The longitudinal control in accelerated flight was in general
satisfactory. However, the force per g with the center—of—gravity
position at or forward of 27 percent of the meen aerodynamic chord
above 250 miles per hour was in excess of the required limits. Increasing
the eltitude from 5,000 to 25,000 feet slightly decreased these forces.
The most forward stick-free maneuver point was 35 percent of the mean
aerodynamic chord and the most forward stick-—fixed maneuver point was
approximately 27 percent of the mean asrodynamic chord except at high
speed and high altitude where the maneuver point moved forward to
approximately 24 percent of the mean aerodynamic chord.

k., The characteristics of the airplene during take—off and landing
were satlsfactory.

5. It was possible to trim the airplane longitudinally by use of
the elevator tabs at all the speeds and in all the conditions required.

6. The trimming characteristics with change in power and flaps and
landing—gear position were satisfactory except that the rudder~trim—
force change due to power was excessgive.

T. The pitching moment due to sideslip was considered satisfactory.

CONSERRHEile
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8. The airplane had satisfactory stalling characteristics in all the
conditions tested. There was ample stall warning in the form of buffeting
and recovery was always normal and prompt.
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TABLE

PERTINENT AIRPLANE DIMENSIONS

ENgine .« o v v« « o « o o « o o o o s o « o o« o + « « Merlin V-1650-9
Propeller (4 blades) . . . . . . . . Asroproducts Model H-20-156-23M5
Wing area, sg ft . . ¢« ¢ ¢ ¢« ¢ ¢ ¢« ¢ ¢ ¢ 4o ¢ ¢ 4 4 v 4 . . . . 235.73
Wing span, ft . . . . . & ¢« ¢« ¢ ¢« ¢ ¢« v ¢« 4 ¢ ¢ 4« ¢« e« o« 4 « . . 37.03
Aspect ratlo . . v ¢ i i e 4 e e e e e e e e e e e e e e . ... 5.8
Wing—flap area (two), 8@ ££ + « v v e v ¢ 4 o 4 e 4 4 4 4 v . . . 31.53
Alleron area (one), 80 F « & ¢ ¢ ¢ ¢ ¢ 4« 4 4 e 4 4 e e e e .. 6.3
Total horizontal—tail area, sq ft . . . . + « « ¢« ¢« « « « . . . . UB.35
Elevator area (one), sq ft . « . ¢« v « v o 4 ¢ v e v v o . . . . 6,43
Original vertical—tail area, sq ft . . . . . . . . . . .. .. .23.40
Original rudder area, sq £t . . « « ¢ ¢ & & ¢« ¢« v ¢ & « « « « . . lO.24
Production vertical—tail area, 8¢ £ . « &+ « ¢« ¢« ¢« o« « « « . . . 24.76
Production rudder area, sq ft . . . + ¢ ¢« &+ o ¢« ¢ ¢ e . . . . . . 9.7

Dorsal—fin area, 8g ft . .« . & & ¢ ¢ ¢ ¢ ¢ ¢ @ ¢ ¢« + 4+ e 4+ . . L1.93
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LONGITUDINAL TRIM CHANGES DUE TO FLAPS AND POWER
J?enter of gravity at 21.9 percent M.A.QJ

Control force Change in
Vv
() Power Flaps | Gear (1b) sideslip

Elevetor Rudder Alleron (deg)

151 a% normal rated power Up Up 0 ¢ 0 0
153 | meeemeeea- do =~m=emm——- ~-do- Down 3.0 pull 1 left 0.5 right | 0.3 right
151 | ==memm-—- do ======w-- Down | -do- 4,2 push 2 right | 1.0 right | 0.5 right
151 off -do- | -do- 1.3 push 25 left . 1.0 right § 2.0 righi
135 % normal rated power =do- | "~ do~ 0] 0] 0] 0
136 Off -do- | - do- 0 35 left 0 1.7 .right
150 | cacacnea- s Vo QP Up Up 0 0 0 0
LTSI B 00 crmcccmnn - do- | Down 3.0 pull 4 right 0 0.9 right
149 cemmmmene 0 mm————— Down | -do=- 0.5 push 2 right | 1.0 left 0.6 right
135 S 4O mmec e ~do- | - do- 0 0 0 0
135 Normal rated power -do. | -do. 2.7 push 93 right | 0.5 right | 1.3 left
136 | ==emmmee- do mwmmmm——— =do~ | ~do” 0 0 0 0
135 | mmmmeem—- do ~===weme- = do~ Up 0.5 push 0 0 0
133 | e=eemeee- 4o =--==m=e-m Up -do- 1.0 pull 20 right | 1.5 left 1.8 left
115 | wececcce- o R - do- | Down 0 0 0 0
115 | cemcmmens A0 commmnnna - do- Up 0 11 left 0 0.2 left

2

ol normal rated power — 23 in, Hg at 2700 rpm.

bNormal rated power — 46 in. Hg at 2700 rpm.

“!ﬂﬁg”"
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FIGURE LEGENDS

Figure 1l.— Three—view drawing of the P-51H airplane with the
production tail.

Figure 2.~ Side view of North American P-51H airélane.
Figure 3.— Front view of North American P-51H airplane.
Figure b.— Three—quarter rear view of North American P-51H airplane.
Figure 5.— Three—quarter front view of North Americen P-51H airplane.

Figure 6.— Variation of rudder angie with rudder pedal position,
P-51H airplane.

Figure T.— Variation of elevator angle with stick position,
P-51H airplane.

Figure 8.— Variation of aileron angle with stick position,
P-51H airplans.

.

Figure 9.~ Variation of the friction force in the control systems with

elevator, aileron, and rudder angle as measured on the ground in
the no—load condition, P-51H airplane.

Figure 10.— The variation of stretch in the control systems with

rudder, elevator, and alleron angle as measured on the ground,
P-51H airplans.

Figure 11,— Time history of a short—period oscillation in the power—
on clean condition: started by an abrupt deflection and release of
the elevator. Low altitude, c.g. at 21.15 psrcent M.A.C.,

P-51H ‘airplane. .

Figure 12.— Time history of a short-period oscillation in the power—
off clean condition started by an abrupt deflection and releass of
the elevator. Low altitude, c.g. at 21.45 percent M.A.C.,

P-51H airplane.

Figure 13.— Time hisgtory of a short—period oscillation started from an
abrupt deflection and release of the elevator. High altitude,
c.g. = 22,77 percent M.A.C., P-51H airplane.

Figure 14.— Time history of a short—period oscillation in the landing
condition started by an abrupt deflection and release of the
elevator. c.g. = 23.60 percent M.A.C., P-51H airplane.

Figure 15.— Static longitudinal stability characteristics in the power—on
clean condition at approximately TO00 feet altitude, P-51H airplane.
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FIGURE LEGENDS — Continued

Figure 16.~ Static longitudinal stability characteristics in the power-on
clean condition at approximately 24,000 feet altitude, P-51H airplane.

Figure 17.—~ S 11
off clean coniition at approximately 7000
P-51H airplane.

Figure 18.— Static longitudinal stability characteristics in the power—
off clean condition at approximately 22,000 feet altitude,
P-51H airplans.

Figure 19.— Static longitudinal stability characteristics in the wave—
off condition at approximately 5000 feet altitude, P-51H airplans.

Figure 20.— Static longitudinal stabidity charactertistics in the approach
condition at approximately 5000 feet altitude, P-51H airplans.

Figure 21.— Static longitudinal stability characteristics in the landing
condition at approximately 5000 feet altitude, P-51H airplans.

Figure 22,— Determination of the stick—free and stick—fixed neutral points.

(a) Variation of elevator angle and F,/q with normal—force
coefficient for the power—on clean, power—off clean, and landing
conditions at low altitude.

Figure 22,—~ Continued.

(v) Variation of elevator angle and -Fe/q with normal—force
coefficient for the wave—off and approach conditions.

Figure 22.— Continued.

ad ar
(¢) Variation of —L& and e/q
aCy acy

in the power-on clean and power—off clean conditions.

with center—of—gravity position

Figure 22.— Continued.
dad dr
(d) Variation of —2 and ——ng with center—of—gravity position
dCN aCy ,
in the wave—off and approach conditions.

Figure 22.— Concluded.

5 .
(e) Variation of %69 a gg%ﬁg with center—of—gravity position
N

in the landing condition.
 ac )
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FIGURE ILEGENDS — Continued

Figure 23.— Time histories of accelerated turns in the power—on clean
condition at approximastely 5000 feet altitude. Center—~of—gravity
pogltion at 23.h;peroent M.A.C,, P-51H airplane.

Figure 24.— Variation of the change in elevator force and angle with
change In normal acceleration at various speeds in turns made in
the power—on clean condltion at the forward center—of—gravity position,
P-51H airplanse.

Figure 25.— Variation of the change in elevator force and angle with
change in normal acceleration at various speeds in turns made in
the power—on clean condition at the middle center—of—gravity position,
P-51H airplane.

Figure 26.— Variation of the change in elevator force and angle with

change in normal acceleration at 200 and 300 miles per hour in turns
made in the power—on clean condition at the aft center—of—gravity

position, P-51H airplane.

Figure 27.— Variation of the change in elevator force and angle with
change in normal acceleration in turns at various speeds made in
the power—on clean condition at high altitude at the forward
center—of—gravity position, P-51H airplane.

Figure 28.— Variation of the change in elevator force and angle with
change in normal acceleration in turns at various speeds made in the
powver—on clean condition at high altitude at the middle center—of—
gravity position, P-51H airplanse.

Figure 29.— Variation of the elevator angle with normal—force coefficient
in turns at various speeds in the power-on clean condition,

P-51H airplane.
(a) FPorward center—of—gravity position at low altitude.

Figure 29.— Continued.

(b) Middle center—of—gravity position at low altitude.

Figure 29.— Continued.

(c) Aft center—of—gravity position at low altitude.

Figure 29.— Continued.

(d) Forward center—of—gravity position at high altitude.

(GORmEpRpTE.
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FIGURE LEGENDS — Continued

Figure 29.— Concluded.
(e) Middle center—of—gravity position at high altitude.

Figure 30.— Determination of the stick—free maneuver points at low
altitude, P-51H airplane.

Figure 31.— Determination of the stick—free maneuver points at high
altitude, P-51H airplane.

Figure 32.— Determingtion of the stick~fixed neutral points at low
altitude, P-51H airplane.

Figure 33.— Determination of the stick-—fixed neutral points at high
altitude, P-51H airplane. ‘

Figure 34.— A graph of the center—of—gravity range as a function of
altitude in which desirsble values of stick force per g are obtained
in turns at 300 miles per hour (average of left and right turns),
P-51H airplane.

Figure 35.— The variation of elevator force with sideslip angle as
measured in steady sideslips at various speeds in the power—on
clean and power—off clean conditions at approximately 22,000 feet
altitude, P-51H airplane.

Figure 36.~ Time history of a stall approasch in the power—on clean
condition in which only the elevator was used beyond the stall.
Center of gravity at 23.6 percent M.A.C. at approximately
5000 feet altitude, P-51H airplane.

Figure 37.—~ Time history of a stall approach in the power-on clean
condition in which all the controls were used in attempt to control
the airplans after the stall was reached. Center of gravity at
23.6 percent M.A.C. at approximately 5000 feet altitude, P-51H airplane.

Figure 38.— Time history of a stall approach in the power—off clean
condition in vhich only the elevator was used beyond the stall.
Center—of—gravity position at 22.7 percent M.A.C. at approximately
5000 feet altitude, P-51H airplane.

Figure 39.— Time history of a stall approach in the power—off clean
condition in which all the controls were used in an attempt to
control the airplane after the stall was reached. Center—of gravity
position at 22.7 percent M.A.C, at approximately 5000 feet altitude,
P-51H airplane.
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FIGURE LEGENDS — Concluded

Figure 40.— Time history of a stall approach in the wave—off con—
dition in vhich only the elevator was used beyond the stall.
Center—of—gravity position at 23.4 percent M.A.C. at approximately
5000 feet altitude, P-51H airplane.

Figure 41.— Time history of a stall approach in the wave—off condition
in which all the controls were used in an attempt to control the
ailrplane after the stall was reached. Center—of—gravity position
at 23.4 percent M.A.C. at approximately 5000 feet altitude,

P-51H airplane.

Figure 42.— Time histories of stall approaches in the approach condition.

Center—of—gravity position at 23.1 percent M.A.C. at approximately
5000 feet altitude, P-51H airplane.

Figure 43.— Time history of a stall approach in the landing condition
in which only the elevator was used beyond the stall. Center—of-—
gravity position at 21.9 percent M.A.C. at approximately 5000 feet
altitude, P-51H airplane.

Figure 44.— Time history of a stall approach in the landing condition
in which all the controls were used in attempt to control the
airplane after the stall was reached. Center—of—gravity position
at 21.9 percent M.A.C. at approximately 5000 feet altitude,

P-51H airplane.

Figure 45.—~ Time history of an accelerated stall approach in the
power—on clean condition in a left turn. Center of gravity at -
30 percent M.A.C. at approximately 6500 feet altitude,
P-51H airplane.
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Figure 1.- Three-view drawing of the P-51H airplane with the
production tail.



Figure 2.- Side view of North American P-51H airplane.
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Figure 4.- Three-quarter rear view of North American P-51H airplane.
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Figure 5.- Three-quarter front view of North American P-51H airplane.
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Figure 7.- Variation of elevator angle with stick position,

P-51H airplane.
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Figure 9.- Variation of the friction force in the control systems with
elevator, aileron, and rudder angle as measured on the ground in
the no-load condition, P-51H airplane.
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Figure 12.- Time history of a short-period oscillation in the power-
off clean condition started by an abrupt deflection and release of
the elevator. Low altitude, c.g. at 21.45 percent M.A.C., |
P-51H airplane.
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Figure 13.- Time history of a short-period oscillation started from an
abrupt deflection and release of the elevator. High altitude,
c.g. = 22.77 percent M.A.C., P-51H airplane.
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Figure 14.- Time history of a short-period oscillation in the landing
condition started by an abrupt deflection and release of the
elevator. c.g. = 23.60 percent M.A.C., P-51H airplane.
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Figure 15.- Static longitudinal stability characteristics in the power-on
clean condition at approximately 7000 feet altitude, P-51H airplane.
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Figure 16.- Static longitudinal stability characteristics in the power-on
clean condition at approximately 24,000 feet altitude, P-51H airplane.
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Figure 17.- Static longitudinal stability characteristics in the power-
off clean condition at approximately 7000 feet altitude,
P-51H airplane.
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Figure 18.- Static longitudinal stability characteristics in the power-
off clean condition at approximately 22,000 feet altitude,
P-51H airplane.
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Figure 21.- Static longitudinal stability characteristics in the landing
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Figure 22.- Determination of the stick-free and stick-fixed neutral points,



(b) Variation of elevator angle and Fe/ q with normal-force coefficient for the wave
and approach conditions.

Figure 22.- Continued,
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(b) Right turn.

(2) Left turn.

Time histories of accelerated turns in the power-on

Figure 23.-

Center-of-

clean condition at approximately 5000 feet altitude.

gravity position at 23.4 percent M.A.C., P-51H airplane.
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Figure 24.- Variation of the change in elevator force and angle
with change in normal acceleration at various speeds in turns
made in the power-on clean condition at the forward center-
of-gravity position, P-51H airplane.
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Figure 25.- Variation of the change in elevator force and angle
with change in normal acceleration at various speeds in turns
made in the power-on clean condition at the middle center-of-
gravity position, P-51H airplane.
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Figure 26.- Variation of the change in elevator force and angle
with change in normal acceleration at 200 and 300 miles per
hour in turns made in the power-on clean condition at the
aft center-of-gravity position, P-51H airplane.



NACA RM No. SL8B24

S8
A ;/}w -
e 2 ol Rt B ek T .
: !71 14 s
1 HIZaEE)
20 [
L / o/lef L8 ks -
/. aht]_ 1256 mp
5 A 41 NPVEN. 2 AV ]
ol 1/ alt FIESHOH I
¢ ' . - 1
RN NN 413
0{ b . S 17 § /; ‘.:5! ]
T T B £ ey 3
NENE ANZENERE 1]
e 2 % N || N
N I AL Ex
\J /’ 4;{
o
' 0 n ‘ RIS
SRR MY bJlerf £ ph] S
N n Bt | Ik 3
LIS X/ cg- 3233 AMACLS B 1
) i VA7 £
o L1 i _ S AR
= ; ??
RENE A A
TNV A
N A ; g’ B b &
S 4 A4 el
A R
p
|| 4 bleft. | _Pit mos
% 4 Rught\ P5{mph | g
_ v DL L dag dend] 2 ERNE.
% alf 12 il L
| ngxf .
% b 4% ' il 4 v
i 1T A i b Al L an | Ly ;5
L /?(P R Y27%) ) , *7/71/ {g‘-‘ -
f i : agl= 237 %
i /A= Pelsan 17 .
2 ‘ NIREN o4& :
b b : ! > 7
s ) B ez
T Chabot yol_hodl] eceeleiaty

Figure 27.- Variation of the change in elevator force and angle with
change in normal acceleration in turns at various speeds made
in the power-on clean condition at high altitude at the forward
center-of-gravity position, P-51H airplane.
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Figure 28.- Variation of the change in elevator force and angle with
change in normal acceleration in turns at various speeds made in
the power-on clean condition at high altitude at the middle center-
of -gravity position, P-51H airplane.



(a) Forward center-of-gravity position at low altitude.

Figure 29.- Variation of the elevator angle with normal-force
coefficient in turns at various speeds in the power-on clean
condition, P-51H airplane.
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(b) Middle center-of-gravity position at low altitude.

Figure 29.- Continued.
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(c) Aft center-of-gravity position at low altitude.

Figure 29.- Continued.
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(d) Forward center-of-gravity position at high altitude.

Figure 29.- Continued.
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(e) Middle center-of-gravity position at high altitude.

Figure 29.~- Concluded.
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Figure 30.- Determination of the stick-free maneuver points at low
altitude, P-51H airplane.



NACA RM No. SL8B24

altitude, P-51H airplane.

f P i Pl
i ]
A
4 © i T4 4 7
i N \ \\\ -
‘\&h \\ 7:
;5‘8)\ \\
) T
Z & 32 R4 G 27T
il 8 CWMJ&
' (O T AN 7AY
AN ~
Q)\M ey
N 9 \N ‘
22 Z K17 4 3 B
. o
2 29247
B —
;\SJ\ \\"“"\
N \-\_N\
7a — =
L2 26 (/) F 8- 74
/0 A2V
V(o 7
/‘?{,fz‘ G2
N W jﬂ S
NN O—rei—L__| o R
s NACA
4z K 3 sz | 4 22
(anieke ol i dln o3/750 e snl A1
CONBERNTLA, .
| Figure 31.- Determination of the stick-free maneuver points at high




NACA RM No. SL8B24

4 rﬂ
I "W 1 ‘
< G2
W il ‘
A =
” ~
ok 2k gAY %
vzal _ ". .
3 \7”] ]Ar/ﬁv .
N Tl s ]
N e 1
73 - \\-\\\\__
A2 4 X! 2 £7
I/é] - -
o\ - S8
- \ \ﬁ -
3 L
P2 e N i
22 25 a0 g 28
{5} - - . N - - AV . _ - - l_ - - 7,
< (- : 677,777 2 Vel ek WL B J%%}‘/';//' '
Q\a}\g\; 1 s \\\$ 7 <50 s 1 hAelS Vo 227
IR INEENR =S
22 . T, S 38 A2
(L e i s KA 4125/ //,]wg o/ /w/ﬂ//!i'// ol
HRNRER L4

Figure 32.- Determination of the stick-fixed neutral points at low
altitude, P-51H airplane.
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Figure 33.- Determination of the stick-fixed neutral points at high
altitude, P-51H airplane,
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Figure 34.- A graph of the center-of-gravity range as a function of

obtained in turns at 300 miles per hour (average of left and

altitude in which desirable values of stick force per g are
right turns), P-51H airplane.
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Figure 35.- The variation of elevator force with sideslip angle as
measured in steady sideslips at various speeds in the power-on
clean and power-off clean conditions at approximately 22,000 feet
altitude, P-51H airplane. '
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Figure 36.- Time history of a stall approach in the power-on clean
condition in which only the elevator was used beyond the stall.
Center of gravity at 23.6 percent M.A.C. at approximately
5000 feet altitude, P-51H airplane.,
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Figure 37.-

Time history of a stall approach in the power-on clean
condition in which all the controls were used in attempt to control
the airplane after the stall was reached. Center of gravity at
23.6 percent M.A.C. at approximately 5000 feet altitude,
P-51H airpilane.
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Figure 38.- Time history of a stall approach in the power-off clean
condition in which only the elevator was used beyond the stall.

Center-of-gravity position at 22.7 percent M.A.C. at approximately
5000 feet altitude, P-51H airplane.
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Figure 39.- Time history of a stall approach in the power-off clean
condition in which all the controls were used in an attempt to
control the airplane after the stall was reached. Center-of-gravity
position at 22.7 percent M.A.C. at approximately 5000 feet
altitude, P-51H airplane.
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Figure 40.- Time history of a stall approach in the wave-off con-
dition in which only the elevator was used beyond the stall.
Center-of-gravity position at 23.4 percent M.A.C. at approximately
5000 feet altitude, P-51H airplane.
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Figure 41.- Time history of a stall approach in the wave-off condition
in which all the controls were used in an attempt to control the
airplane after the stall was reached. Center-of-gravity position
at 23.4 percent M.A.C. at approximately 5000 feet altitude,

P-51H airplane.
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ttempt to control the

airplane after the stall was

inan a
reached.

used beyond the stall.

Time histories of stall approaches in the approach condition. _

Center-of-gravity position at 23.1 percent M.A.C. at approximately

5000 feet altitude, P-51H airplane.

Figure 42.-
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Figure 43.- Time history of a stall approach in the landing condition
in which only the elevator was used beyond the stall. Center-of-
: gravity position at 21.9 percent M.A.C. at approximately 5000 feet
altitude, P-51H airplane.
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Figure 44.- Time history of a stall approach in the landing condition
in which all the controls were used in attempt to control the
airplane after the stall was reached. Center-of-gravity position
at 21.9 percent M.A.C. at approximately 5000 feet altitude,
P-51H airplane.
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Figure 45.- Time history of an accelerated stall approach in the
power-on clean condition in a left turn. Center of gravity at
30 percent M.A.C. at approximately 6500 feet altitude,
P-51H airplane.




